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ABSTRACT

Using ASAS-SN data, we find that the bright (V∼13.5 mag) variable star MACHO
80.7443.1718 (ASASSN-V J052624.38-684705.6) is the most extreme heartbeat star
yet discovered. This massive binary, consisting of at least one early B-type star, has
an orbital period of Porb = 32.83 ± 0.05 d and is located towards the LH58 OB com-
plex in the LMC. Both the ASAS-SN and TESS light curves show extreme brightness
variations of ∼40% at periastron and variations of ∼10% due to tidally excited oscil-
lations outside periastron. We fit an analytical model of the variability caused by the
tidal distortions at pericenter to find orbital parameters of ω = 53.5°, i = 45.7° and
e = 0.58. We also present a frequency analysis to identify the pulsation frequencies
corresponding to the tidally excited oscillations.
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1 INTRODUCTION

Heartbeat stars are short period (P . 1 yr), eccentric (e &

0.3) binaries where oscillations are excited by the tidal forc-
ing at each periastron passage. Heartbeat stars were first
discovered in data from the Kepler space telescope (Thomp-
son et al. 2012). The prototypical heartbeat star, KOI-54,
has been extensively studied and characterized (see for e.g.,
Welsh et al. 2011; Fuller, & Lai 2012; Burkart et al. 2012
and references therein), and Kepler (Kirk et al. 2016) has
now identified over 170 heartbeat stars.

The light curves of heartbeat stars are defined by oscil-
lations outside of periastron combined with a brief, high am-
plitude ellipsoidal variation at periastron that gives rise to
a unique “heartbeat” signature resembling the normal sinus
rhythm of an electrocardiogram. The light curves of these
systems are dominated by the effects of tidal distortion,
reflection and Doppler beaming close to periastron (Fuller
2017). Heartbeat stars continue to oscillate throughout their
orbit due to tidally excited stellar oscillations. The variabil-
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ity amplitude of most heartbeat stars is very small (. 1

mmag; Kirk et al. 2016; Hambleton et al. 2018).

The tidally excited oscillations (TEOs) occur at ex-
act integer multiples of the orbital frequency (Fuller 2017).
TEOs were first discovered in the eccentric binary system
HD 174884 (Maceroni et al. 2009) and later confirmed in
KOI 54 and several other systems (Shporer et al. 2016). The
largest amplitude TEOs are driven by resonances between
harmonics of the orbital frequency and the normal mode
frequencies of the star. Both the amplitudes and phases of
TEOs can be predicted from linear theory (Fuller 2017).

The vast majority of the heartbeat stars that have been
discovered are relatively low-mass A and F type stars. How-
ever, the heartbeat phenomenon extends to more massive
OB stars as well. ι Ori is the most massive heartbeat star
system yet discovered and it consists of a O9 III primary and
a B1 III-IV companion (Pablo et al. 2017). The dearth of
massive heartbeat stars is likely an observational bias. Mas-
sive stars are rare and Kepler observed only a small fraction
of the sky, mostly lying off the Galactic plane. Ground-based
surveys cover most or all of the sky but find it challenging
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to detect the low variability amplitudes of typical heartbeat
stars (∆L/L ∼ 10−3; Fuller 2017).

The All-Sky Automated Survey for SuperNovae (ASAS-
SN, Shappee et al. 2014; Kochanek et al. 2017) has been
monitoring the entire visible sky for several years to a depth
of V . 17 mag with a cadence of 2 − 3 days using two units
in Chile and Hawaii, each with 4 telescopes. As of the end
of 2018, ASAS-SN uses 20 telescopes to observe the en-
tire sky daily, but all current observations are taken with
a g-band filter. We have written a series of papers study-
ing variable stars using ASAS-SN data. In Paper I (Jayas-
inghe et al. 2018a), we reported ∼66, 000 new variables that
were discovered during the search for supernovae. In Paper
II (Jayasinghe et al. 2018b), we homogeneously analyzed
∼412, 000 known variables from the VSX catalog, and de-
veloped a robust variability classifier utilizing the ASAS-SN
V-band light curves and data from external catalogues. In
Paper III (Jayasinghe et al., in prep), we conducted a vari-
ability search towards the Southern Ecliptic pole in order to
overlap with the The Transiting Exoplanet Survey Satellite
(TESS; Ricker et al. 2015) continuous viewing zone (CVZ).
We identified ∼11, 700 variables, of which ∼7, 000 were new
discoveries.

TESS is currently conducting science operations by
monitoring (eventually) most of the sky with a baseline of
at least 27 days. Sources closer to the TESS CVZ will be
observed for a substantially longer period, approaching one
year at the ecliptic poles. TESS full-frame images (FFIs),
sampled at a cadence of 30 min, are made publicly avail-
able, allowing for the study of short time scale variability
across most of the sky.

Here we discuss the identification of the most ex-
treme amplitude heartbeat star yet discovered, MA-
CHO 80.7443.1718 (ASASSN-V J052624.38-684705.6, TIC
373840312), using both ASAS-SN and TESS photometry.
The MACHO survey reported that the source was a vari-
able, but classified it as an eclipsing binary (Alcock et al.
1997). MACHO 80.7443.1718 was first identified as a likely
heartbeat star during our ASAS-SN variability search. We
discuss archival data and the ASAS-SN and TESS observa-
tions in section 2. In section 3, we fit an analytical model for
the tidal distortions to estimate several orbital parameters
of the binary system. In section 4, we discuss our SED fits
to this source and the physical implications of these fits. In
section 5, we identify tidally excited oscillations through a
periodogram analysis and present a summary of our results
in section 6.

2 ARCHIVAL, ASAS-SN AND TESS DATA

FOR MACHO 80.7443.1718

The source MACHO 80.7443.1718 was first discovered by
the MACHO survey (Alcock et al. 1997), who classified it as
a generic eclipsing binary. Two values for the orbital period,
corresponding to the “red” and “blue” bandpasses were de-
rived using their data: Pred = 32.83108 d, Pblue = 32.83397 d.

MACHO 80.7443.1718 is a blue source with U − B =

−0.84 mag, B − V = 0.11mag with estimated values for
the temperature log (T∗/K) = 4.6 and bolometric magni-
tude Mbol = −9.1 (Massey 2002). This source is part of the
LH58 OB association in the Large Magellanic Cloud (LMC),

northwest of 30 Doradus. An archival spectrum classified it
as a B0.5 Ib/II (Garmany et al. 1994), evolved blue star.
Based on this information, this source is likely to have a
mass M & 10M� (Nieva & Przybilla 2014).

The Gaia DR2 (Gaia Collaboration et al. 2018) counter-
part is source_id=4658489067332871552. Its nominal DR2
parallax is negative (π = −0.0586±0.0238 mas) and the proper
motion is µα = 1.59±0.04 mas yr−1, µδ = 0.66±0.05 mas yr−1.
There might be evidence of problems with the astrometric
solution, as the χ2 of the fit is high and the excess astro-
metric noise is 0.14 mas. On the other hand, the renormal-
ized unit weight error (RUWE; Lindegren et al. 2018) of
the source is 0.96 and Lindegren et al. (2018) argue that
Gaia DR2 astrometric solutions are accurate if they have a
RUWE < 1.4.

To evaluate the proper motions, we examined 56
Gaia DR2 stars with G < 15 mag within 5′ of MA-
CHO 88.7443.1718. These 56 stars had medians (1σ range)
of −0.024 mas (−0.126 < π < 0.020), 1.670 mas yr−1 (0.540 <

µα < 1.814) and 0.697 mas yr−1 (0.125 < µδ < 0.852) for
their parallax and proper motions. Hence the parallax and
proper motions of MACHO 88.7443.1718 are typical of the
local population of luminous stars. If we use the median
proper motions to define a local standard of rest, the rela-
tive motion of MACHO 88.7443.1718 is 0.088 mas yr−1, or
roughly 21 km s−1 at a distance of 50 kpc. The median mo-
tion of the nearby stars relative to this standard of rest is
0.215 mas yr−1 or roughly 50 km s−1.

The ASAS-SN light curve for this source was extracted
as described in Kochanek et al. (2017) using aperture pho-
tometry with a 2 pixel radius aperture. The AAVSO Pho-
tometric All-Sky Survey (APASS; Henden et al. 2015) DR9
catalog was used for absolute photometric calibration. We
derived possible periods for this source following the proce-
dure described in Jayasinghe et al. (2018a,b). We find the
best period from this analysis as

PASAS−SN = 32.83 ± 0.05 d,

which agrees with the period derived by MACHO to within
∼ 0.01%. The error in the period was estimated using the
Period04 software package (Lenz & Breger 2005).

MACHO 80.7443.1718 lies in the Southern TESS CVZ
which allowed us to extract TESS light curves for both Sec-
tors 1 and 2. Due to the large pixel size of TESS (21”) and the
crowded region surrounding MACHO 80.7443.171, we used
image subtraction (Alard & Lupton 1998; Alard 2000) on the
full frame images (FFIs) from the first TESS data release to
produce high fidelity light curves. The 27 day baseline for
TESS observations in each sector is insufficient to obtain
a full orbit for this source, but the final TESS light curve
with data from all the sectors in the south should sample
the variability of this source very well. The difference light
curve was normalized to match the ASAS-SN V-band light
curve.

The ephemeris for the deepest minimum in ASAS-SN
is

EphemI = BJD 2458143.698310 + 32.83 × E , (1)

whereas the ephemeris for the deepest minimum in TESS is

EphemII = BJD 2458373.61518 + 32.83 × E , (2)
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Table 3. Pulsation frequencies for MACHO 80.7443.1718, phased to periastron. The errors in frequency, amplitude and phase are
calculated through a Monte Carlo analysis.

Data Frequency (d−1) Orbital Harmonic Amplitude (ppt) Phase SNR

ASAS-SN
0.244 ± 0.005* 8 3 ± 3 0.010 ± 0.130 4.0
0.304 ± 0.008 10 6 ± 2 0.177 ± 0.215 2.5
0.518 ± 0.001 17 9 ± 2 0.078 ± 0.047 2.9
0.762 ± 0.096 25 14 ± 5 0.395 ± 0.230 4.1

TESS
0.213 ± 0.001** 7 9 ± 1 0.343 ± 0.009 2.1

0.305 ± 0.001** 10 8 ± 1 0.745 ± 0.009 2.0
0.762 ± 0.001** 25 15 ± 1 0.323 ± 0.005 5.1

*- Ambiguous detection, see discussion in §5.
**- Analytical estimates were used to derive the errors in frequencies

in binary star systems. Furthermore, the tidally induced pul-
sations in these massive heartbeat systems also probe stellar
structure and test theories of dynamical tides.
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